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Neutron scattering study of TbPtIn intermetallic compound
O. Garlea,a) E. Morosan, S. L. Bud’ko, J. L. Zarestky, P. C. Canfield, and C. Stassis
Ames Laboratory and Department of Physics and Astronomy, Iowa State University, Ames, Iowa 50011
~Presented on 7 January 2004!
Neutron diffraction techniques have been used to study the magnetic properties of a TbPtIn
single-crystal as a function of temperature and magnetic field. In the absence of an externally
applied magnetic field, the compound orders, below approximately 47 K, in an antiferromagnetic
structure with propagation vector k5( 12,0, 12); the magnetic moments were found to be parallel to the
@12¯0# direction. Measurements at 4.2 K, with a magnetic field applied along the @12¯0# direction,
revealed metamagnetic transitions at approximately 20 kG and 40 kG. © 2004 American Institute
of Physics. @DOI: 10.1063/1.1664401#
I. INTRODUCTION
The interesting magnetic properties exhibited at low
temperature by ternary rare-earth intermetallic compounds
have motivated, in recent years, a large number of experi-
mental investigations.1–4 The detailed study of the magnetic
properties of these compounds by neutron diffraction tech-
niques has not been possible, in many cases, because of the
difficulty of growing single crystals of these compounds. Re-
cently, high quality single crystals of TbPtIn were grown at
the Ames Laboratory,5 and this motivated the present neutron
diffraction study of the magnetic properties of this com-
pound.
TbPtIn crystallizes in the hexagonal ZrNiAl-type crystal
structure (P6¯2m space group! and can be described as the
alternate stacking of Tb–Pt and In–Pt layers perpendicular to
the c-axis ~Fig. 1!. Therefore, the coupling between the mag-
netic moments of Tb ions belonging to different layers is
through indirect exchange interactions. The Tb ions within a
single layer form triangles ~Fig. 1! and this leads to frustra-
tion of the magnetic interaction between neighboring Tb
ions, if the coupling between them is antiferromagnetic. To a
large extent, the interesting magnetic properties exhibited by
TbPtIn,5 and similar compounds,1–4 are closely related to the
arrangement of the Tb ions in the ZrNiAl-type structure.
Magnetization measurements ~inset Fig. 2! show that the
compound orders antiferromagnetically at 47.5 K.5 The large
anisotropy observed with the field applied parallel and per-
pendicular to the c-axis ~inset Fig. 2! strongly indicates that
the moments are contained in the basal plane, and the mag-
netic susceptibility versus temperature curve for H’c exhib-
its a shoulder at 27.5 K. A detailed account of these experi-
ments will be published elsewhere.5
II. EXPERIMENTAL DETAILS
High quality single crystals of TbPtIn were grown at the
Ames Laboratory from high-temperature metallic solutions
as described in Refs. 6 and 7.
Neutron diffraction measurements over the 4.2–300 K
temperature range were performed using three different
single crystals ~with typical dimensions: 0.75 mm diam
32 – 4 mm height! oriented such that their a – b and a – c
planes, and the plane defined by the @101# and @12¯0# direc-
tions coincide with the ~horizontal! scattering plane, respec-
tively. Measurements with an externally applied magnetic
field ~0–60 kG! were performed in the a – c plane with the
~vertical! field applied along the @12¯0# direction.
The neutron diffraction experiments were performed us-
ing the HB1A triple axis spectrometer at the High Flux Iso-
tope Reactor ~HFIR! of the Oak Ridge National Laboratory.
This is a constant incident neutron energy spectrometer ~14.6
meV! using a double pyrolitic graphite ~PG! monochromator
with PG filters before and after the second monochromator
and a PG analyzer. As a result, the second order contamina-
tion of the beam incident on the sample is negligible and the
higher order contaminations are substantially reduced.
III. EXPERIMENTAL RESULTS AND DISCUSSION
Above approximately 47 K, only nuclear reflections
characteristic of the crystal structure are observed. Thus,
a!Electronic mail: garleao@ornl.gov
FIG. 1. ~a! The hexagonal ZrNiAl-type structure; ~b! The basal ~left! and
z5c/2 plane ~right!.
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above this temperature, TbPtIn is paramagnetic, in agree-
ment with magnetization measurements.5 As the temperature
is lowered below 47 K, additional diffraction peaks (h
1 12,0,h1 12) appear in rows parallel to the @101# direction
~Fig. 3!; their intensity increases with decreasing tempera-
ture, and below approximately 20 K, it becomes comparable
to that of the nuclear peaks. This observation implies that
below 47 K the magnetic moments of Tb are ordered in a
modulated magnetic structure with wave vector k5( 12,0, 12).
The magnetic peak intensity versus temperature curve
saturates below approximately 20 K and exhibits an inflec-
tion point at approximately 27 K, in agreement with the re-
sults of magnetization measurements ~Fig. 2!. To obtain the
direction of the moments at 4.2 K, measurements were per-
formed on a single crystal oriented such that the plane de-
fined by the @101# and @12¯0# coincides with the ~horizontal!
scattering plane. It can be seen ~Fig. 3! that the intensity of
the (21 12,4¯ , 12) magnetic peak is considerably lower than that
of the (11 12,2¯ , 12) peak, which in turn is substantially lower
than the intensity of the ~ 12, 0, 12! magnetic peak. These ob-
servations imply that the direction of the moments, at 4.2 K,
is along the @12¯0# symmetry direction. In summary, the zero
field neutron diffraction measurements show that below 47
K, the Tb moments are ordered in a modulated structure with
wave vector k5( 12,0, 12). At 4.2 K, the moments are parallel
to the @12¯0# direction and form an antiferromagnetic struc-
ture with an order parameter curve ~Fig. 2! typical of a frus-
trated antiferromagnet. Similar conclusions were reached for
the isostructural compounds TbNiAl,1,2 TbAuIn,3 and
TbRhSn.4 This suggests that the magnetic structures ob-
served in the rare-earth intermetallic compounds crystalliz-
ing in the ZrNiAl-type structure are determined, to a consid-
erable extent, by the topology of this structure and the
d-electrons of the transition element.
At 4.2 K, measurements were also performed in an ex-
ternally applied magnetic field ~0–60 kG!. The measure-
ments were performed in the a – c plane with the magnetic
field applied along the @12¯0# direction. The measured inte-
grated intensities of the ~ 12, 0, 12! magnetic peak and the ~1, 0,
1! nuclear peak are plotted as a function of the applied field
in Fig. 4.
FIG. 2. Intensity versus temperature curve for the ~ 12, 0,
1
2! magnetic peak in
zero magnetic field. For comparison, the magnetic susceptibility for Hic
and H’c is plotted in the inset.
FIG. 3. Typical scans along the (h0h), (11h ,2¯ ,h) and (21h ,4¯ ,h) sym-
metry directions at 4.2 K and H50 kG.
FIG. 4. Intensity versus magnetic field of the ~ 12, 0,
1
2! magnetic and ~1 0 1!
nuclear peaks at 4.2 K.
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It can be seen from the intensities of the ~1, 0, 1! and ~ 12,
0, 12! peaks ~Fig. 4! that a metamagnetic transition from the
zero field antifferomagnetic state to a state with a net ferro-
magnetic component occurs, at approximately 20 kG, fol-
lowed by another metamagnetic transition to a state with a
larger ferromagnetic component, at approximately 40 kG.
Clearly, additional diffraction measurements are needed
to study the complex magnetic phase diagram of this inter-
esting compound. Also, single crystal diffraction measure-
ments at smaller wavelength ~to decrease the extinction cor-
rections! as well as powder measurements are necessary to
obtain a more reliable set of intensities. Such experiments
are in progress in this laboratory.
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